2؉ is a universal second messenger that is critical ules; tandem C2 domains; a GAP-related domain (GRD); and a pleckstrin homology (PH) domain adjacent to a for cell growth and is intimately associated with many Ras-dependent cellular processes such as Bruton's tyrosine kinase (Btk) motif (Figure 1a from Syt III and protein kinase C ␤II (PKC␤II) ( Figure  1b) . In order to test whether CAPRI was capable of in with this article online for a list of chimeras). GFP-CAPRI localized to the cytosol of unstimulated cells and failed to translocate to the plasma membrane upon epidermal growth factor stimulation of PC12 cells or after cotransfec-
with this article online for a list of chimeras). GFP-CAPRI localized to the cytosol of unstimulated cells and failed to translocate to the plasma membrane upon epidermal growth factor stimulation of PC12 cells or after cotransfec-
Results and discussion
The intrinsic catalytic activity of the Ras GTPase is ineffition with constitutively active PI 3-kinase (data not shown). This contrasts with the PH domain-dependent cient and requires a GTPase-activating protein to function as an off-switch [5] . Four types of Ras-specific GAPs have spatial regulation of GAP1 IP4BP [11, 13] or GAP1 m [12] and indicates that CAPRI is unlikely to have a high affinity been identified, including p120 Ras GAP [6] , neurofibromin (NF-1) [7] , SynGAP [8] , and the GAP1 family for phosphatidylinositol 4,5-bisphosphate (PIP 2 ) or phosphatidylinositol 3,4,5-trisphosphate (PIP 3 ), a result that is [9] . The GAP1 family is comprised of GAP1
IP4BP
, GAP1 m , and RASAL, which share four conserved structural modconsistent with the CAPRI PH domain missing several key residues known to be required for this activity [13] . transfected these stable cell lines with H-Ras and assayed the level of Ras-GTP using a GST fusion protein of the Instead, GFP-CAPRI moved rapidly to the plasma membrane of COS cells treated with the Ca 2ϩ ionophore ionoRas binding domain from Raf (GST-RBD). In serumstarved cells, a substantial quantity of overexpressed H-Ras mycin and returned to the cytosol during Ca 2ϩ buffering (Figure 1c) . GFP-CAPRI also associated with the plasma is in the GTP-bound state; under these conditions there was no enhancement of GAP activity in CHO-CAP cells, membrane of HeLa cells treated with histamine; this translocation was transient and followed the time course of demonstrating that CAPRI has no detectable basal GAP activity (Figure 2a ). To test whether the GAP activity of intracellular Ca 2ϩ mobilization (Figure 1d) translocation (data not shown), and, as a result, there was no net decrease in Ras-GTP levels in the pull-down assay ( Figure 2d ). Our data show that elevation of intracellular CAPRI contains a clear GRD; however, in contrast to GAP1 m and GAP1 IP4BP [16], a CAPRI glutathione-S-transCa 2ϩ by a G protein-coupled receptor causes a rapid C2 domain-dependent translocation of CAPRI to the plasma ferase (GST) fusion protein had no detectable GAP activity toward H-Ras in vitro (data not shown). To try and membrane, resulting in the activation of Ras GAP activity and a shift in the Ras-GTP/GDP ratio to Ras-GDP. determine why there was a lack of in vitro activity, we generated cell lines stably expressing CAPRI to look for in vivo function. CHO.T cells were selected because they
The function of CAPRI as a Ca 2ϩ -regulated Ras GAP is reflected in the regulation of the p44/p42 MAPKs, ERK1 stably express the human insulin receptor and turn on the Ras-MAPK pathway in response to insulin stimulation and ERK2, in CHO-CAP cells. ATP stimulation results in a robust increase in phosphorylation of ERKs that peaks (CHO.T cells also express CAPRI, as judged by RT-PCR with primers designed from the human CAPRI sequence; at 3 min ( Figure 3a ) and returns to basal within 15 min in CHO-GFP cells (data not shown). Under these condidata not shown). To eliminate potential artifacts resulting from clonal variation, we generated cell lines expressing tions, ERK phosphorylation is significantly inhibited in CHO-CAP cell lines (Figure 3a,b) . Furthermore, insulin-GFP (CHO-GFP) in parallel with those expressing CAPRI (CHO-CAP) and analyzed multiple independent clones. stimulated ERK phosphorylation was identical between CHO-GFP and CHO-CAP cells, showing that ATP-stimTo assay the Ras GAP activity of CAPRI, we transiently tion was a consequence of the Ras GAP function of CAPRI, (Figure 3c ). We interpret the faster response of MAPK activation as a possible dominant-negative effect, since we made GRD mutant stable cell lines (CHO-MUT). The equivalent NF-1 patient Arg1391 → Ser mutation, mutagenesis of the equivalent residue in NF-1 (Arg1391 → Ala) has demonstrated that catalysis is inhibited 45-fold; which is 300-fold less active than wild-type NF-1 [19] , was introduced into the CAPRI GRD (Arg473 → Ser), and but Ras binding still occurs, albeit with a 6-fold lower affinity for Ras-GTP [20] . We conclude that the CAPRI the ATP-dependent activation of MAPKs was analyzed in CHO-MUT cells. Mutant CAPRI was recruited to the GRD mutant undergoes Ca 2ϩ -induced recruitment to the plasma membrane and may bind Ras-GTP but cannot plasma membrane of ATP-stimulated CHO-MUT cells with a time course that matched CAPRI translocation in efficiently catalyze GTP hydrolysis, thereby competing with endogenous GAPs for activated Ras. This may ac-CHO-CAP ( Figure 3c) ; however, there was no inhibition of ERK phosphorylation (Figure 3d ). Instead, after 1 min, count for the shift in the Ras-GDP/GTP ratio toward Ras-GTP during the Ca 2ϩ transient that manifests as an ERK phosphorylation was 4.7-fold higher in CHO-MUT13 cells than in CHO-GFP1 cells (t test, p Ͻ 0.02) enhancement in the rate of ERK phosphorylation. and 1.8-fold higher at 2 min (t test, p Ͻ 0.04) (Figure 3d,e) , corresponding to the timing of the CAPRI translocation In summary, CAPRI is a novel member of the human dependent GEFs [1] [2] [3] [4] . 
